GASIFICATION TECHNOLOGIES

CLEAN & AFFORDABLE ENERGY SYSTEMS




GASIFICATION TECHNOLOGIES, ENERGY SYSTEMS FOR THE NEW MILLENNIUM

Gasification technologies represent the next generation of solid feedstock-based ener gy production systems. Gasification
breaks down virtually any carbon-based feedstock into its basic constituents. This enables the separation of pollutants and
greenhouse gases to produce clean gas for efficient electricity generation and production of chemicals and clean liquid fuels.

Commercial-scale integrated gasification combined-cycle (IGCC) plants operating
in the United States, and othersaround theworld, aresignaling a new agein electric
power generation. Market forces, which arereplacing regulatory structures, and regional
and global environmental concernsare resulting in expanded |GCC applications. IGCCis
both feedstock and product flexible, produces almost no pollutant emissions, and facili-
tates CO, removal. Asaresult, single feedstock, single commodity, steam-powered elec-
tric generation is being replaced by more versatile integrated energy technologies.

BENEFITS

= Feedstock Flexibility
= High Efficiency
= Near Zero Pollutants

= Product Flexibility |GCC lever ages the advantages of combustion turbine/combined cycle (CT/CC)

operation and vastly expandsthefuel base beyond natural gastoinclude moreabun-
dant and lower cost resources. CT/CC combines highly efficient combustion turbines
with steam turbines, by using the gas turbine exhaust to generate steam, which produces the most efficient and economic el ectric-
ity availabletoday. Currently, natural gasisthe predominant fuel for CT/CC units. Integration of a gasifier allows use of coal,
biomass and agricultural, forestry, municipal, and refinery wastes. Thisflexibility offersthe potential to reduce cost and enhance
the overall environmental benefits.

Thecapability to co-produceelectricity and a date of fuelsand chemicalsmakesthetechnology economically attractiveto
a broad range of industrial applications. Product flexibility enables gasification technologies to be integrated into industrial
applicationsfor multiple commodity production and increased revenue. Gasifier technology applicationsincludeintegrationinto
chemical plants and refineries. The attributes of IGCC make it particularly attractivein coal dependent Asia, where nearly half
of the world’s energy increase is seen to occur as Asia expandsitsindustrial base over the next two decades.
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Tampa Electric Company’s Polk Power Station, 250 M\We IGCC



GaAsIFICATION-BASED SystEm CONCEPTS
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How GAsIFICATION-BASED
SysteEms WORK

The heart of gasification-based systems is the gasifier. The
gasifier convertshydrocarbon feedstock into largely gaseous com-
ponents by applying heat under pressurein the presence of steam.
Partial oxidation of the feedstock, through injection of air or
oxygen into the gasifier, provides the heat. Together the heat
and pressure break the bonds between feedstock constituents
and precipitate chemical reactions, producing “syngas.”

Minerals in the feedstock (ash) separate and leave the bottom
of the gasifier either asan inert glass-like slag or other market-
able solid product. Only a small fraction of the ash becomes
entrained, which requiresremoval downstream. Other potential
pollutants, such as sulfur compounds, form hydrogen sulfide,
from which sulfur is easily extracted, typically as elemental
sulfur or sulfuric acid, both valuable byproducts. NO, is not
formed in the reducing environment of the gasifier. Ammonia
formed by nitrogen/hydrogen reaction is easily stripped by
processwater, asare chlorides that might otherwiseform acids.

Inintegrated gasification combined-cycle (IGCC) systems, the
clean syngas remaining after pollutant separation is used, in
wholeor in part, to fuel acombustion turbine. The combustion
turbine drives an el ectric generator, providesair under pressure
to the gasifier, and produces heat (exhaust) to generate steam
for steam turbine electric power. This combined use of com-
bustion and steam turbines significantly boosts generation
efficiency. All or part of the clean syngas can also be used to:

* Produce a broad range of chemicals and clean fuels using
established processes;
 Fuel highly efficient fuel cells, the waste heat from which
can be used to generate steam in a combined cycle mode;
and
* Provide hydrogen, through separation methods, asafuel or
for refinery applications.
Gasification offers feedstock and product flexibility, the po-
tential for greater than 60 percent efficiency, and near zero
pollutant emissions. The high process efficiency limits CO,
production and because CO, occurs in concentrated form, this
allowsfor its capture.



WORLDWIDE ACCEPTANCE

Convergence of a number of factors is prompting rapid emergence of gasification-based power worldwide — IGCC. This
emergence adds to an already important role gasification technologies have played in the production of chemicals and

transportation fuels.

CumuLATIVE WoRLDWIDE GASIFICATION CAPACITY
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Cumulative worldwide
gasification capacity is shown
here in MWth, a measure of
syngas thermal energy. Thereare
currently 116 commercial
gasification projects, in operation
or under construction,
incorporating 385 gasifiers; and
another 22 commercial projects
planned, incorporating 34

g gasifiers. Power generation

applications represent the
greatest percentage of planned
gasification additions.

Feedstock and product flexibility enabled |GCC and other gasification technologies
to achieve market entry through the use of low-cost opportunity feedstocks, such
as petroleum coke and waste, and through co-production of chemicals and fuels.
Follow-on replications and design refinements are reducing capital costs and techni-
cal and market risk. Asaresult, IGCC is beginning to have an economic, aswell as
environmental performance edge over pulverized coal-based systems for power
generation applications. Continued growth in gasification is driven by a number
of factors.

DRIVERS

» Market forces are replacing government regulations that artificially constrain
approaches to electricity generation, placing emphasis on economic perfor-
mance;

» Premiums are being placed on environmental performance by not only requir-
ing minimum standards, but setting “ externality” values on avoided pollutant
and greenhouse gas emissions,

» Demand is increasing for cleaner transportation fuels, requiring more
hydrogen;

» Demand is escalating for chemicals as the U.S. seeks to maintain industrial
growth and coal dependent Asia undergoes exponential industrial expansion;

» Solid waste disposal and sewage sludge disposal are carrying increasingly
severe economic penalties, placing value on their avoidance and use as afeed-
stock; and

» Requirements and incentives for renewables use, such as biomass, are coming
into effect to address global climate change concerns.

EXAMPLES OF LEVERAGING
GASIFICATION FEEDSTOCK
AND ProbpucT FLEXIBILITY

Refineries — Petroleum coke or
heavy oil resid (refinery wastes) are
gasified to avoid waste disposal costs
and to produce electricity, steam,
hydrogen, and raw syngasfor refin-
ery process energy and chemistry.

Pulp and paper production —
Black liquor, which contains both
dissolved organic constituents from
the wood and process chemicals, is
gasified to generate energy fromthe
organic compounds and to separate
and recover the process chemicals.

Co-production — Electricity and
higher value fuels or chemicals are
produced to meet market demands.
Also, because of the product flex-
ibility, the capital investment in plant
can be optimized and inefficient
cycling avoided.




THE GASIFICATION TECHNOLOGY PROGRAM

The U.S. Department of Energy (DOE) Office of Fossil Energy and Federal Energy Technology Center (FETC) have been
instrumental in moving gasification technologies from the laboratory to the marketplace. Through government/industry partner-
ships, DOE/FETC is sharing the cost and risk of the research, development, and demonstration requisite to bringing IGCC to
commercial fruition.

DOE/industry cost-shared IGCC demonstration projects, representing adiversity of gasifier typesand cleanup systems, are
pioneering introduction of this new approach to power generation in the U.S. and providing invaluable performance data.

e Two are currently operating in acommercia dispatch mode at nominally 250 MWe net capacity.
* A third nominally 100 MWe unit initiated operation; and afourth 400 MWe IGCC project isin planning.
¢ Another project is demonstrating production of 80,000 gallons/day of methanol in an IGCC application.

The demonstrations serve as building blocks for even more advanced systems. Paralleling the demonstrationsis a research and
development (R&D) program designed to take IGCC beyond market entry into broad-based deployment. Emphasisis placed on
reducing cost, increasing efficiency, expanding feedstock and product flexibility, and achieving near zero pollutants. Moreover,
higher efficiency and concentrated gas streams provide a platform for controlling CO, emissions.
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Development Facility, located in

Wil sonville, Alabama and operated by
Southern Company Services (left),
focuses on power system components
and subsystems.

R&D THRusTS

Gasification Systems Technology
e Exploring advanced gasifier systems to
further fuel flexibility, efficiency, and
economic and environmental performance;

Air Products and Chemicals liquid
phase methanol (LPMEOH™)

process has been developed to enhance  *

IGCC power generation by producing
a clean burning, storable liquid fuel —
methanol — from coal-derived syngas.
An 80,000 gallon-per-day demo unit is
operating at the Eastman Chemical
Company in Kingsport, Tennessee.

Evaluating novel gas cleaning and con-
ditioning concepts to meet rigid syngas
quality specifications for fuel cells and
catalytic conversion of processes,

* Investigating advanced gas separation
aternatives to energy intensive methods,
such as ceramic membranes, for separating
oxygen, hydrogen, and CO, from process
gas streams; and

e Improving value added products and
processes to enhance byproduct revenues.

SystemsAnalysis/Product I ntegration
¢ Providing thetechnical assistance and con-
ducting the R& D necessary to support the
demonstrations;

e Conducting economic analyses, process
performance assessments, and market
studiesto focus on key R&D; and

 Implementing an aggressive outreach pro-
gram to: inform customers and stakehol d-
ers about the program; seek feedback on
program efforts; and nurture continued
R& D partnerships.




For more information, please contact:
U.S. Department of Energy

Office of Fossil Energy-Headquarters
19901 Germantown Road
Germantown, MD 20874-1290

Stewart Clayton
IGCC Portfolio Manager
T—(301) 903-9429
F—(301) 903-2713
E— Stewart.Clayton@hqg.doe.gov

GeorgelLynch

Gasification Portfolio Manager
T—(301) 903-9434
F-(301) 903-2713
E— George.Lynch@hg.doe.gov

YFETT

U.S. Department of Energy
Federal Energy Technology Center
P.O. Box 10940

Pittsburgh, PA 15236-0940

Gary J. Stiegel

|GCC Product Manager
T—(412) 386-4499
F-(412) 386-4822
E- stiegel @fetc.doe.gov

Visit our Web sites at:
DOE —www.fe.doe.gov
FETC —www.fetc.doe.gov
CCT Compendium —
www.lanl.gov/projects/cctc
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ANNUAL WoRLDWIDE GASIFICATION CAPACITY ADDITIONS
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A recent surge in gasification-based technology applications has raised existing capacity
to around 40,000 MWh (a measure of syngas heat energy). Much of the movement has

been in the power industry.

GASIFICATION BY APPLICATION
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Gaseous Fuels

Power applications continue to dominate planned capacity additions, representing 9,200

MWth of the total 11,500 MWth increase, or 80 percent.

Note: One MWthis equivalent to 3,413X10° Btu/hr.




